Research on the robot hand actuated by pneumatic muscle actuators is significative for its complaisance and dexterity. In this paper, a new kind of dexterous hand is designed and produced. The layout of tendon is analyzed and optimized. Furthermore, a single finger is controlled by Fuzz-PID and the good control precision is achieved. And, the master-slave control of the whole dextrous hand is realized simulating the movement of human hand with a cyber-glove.
INTRODUCTION
Dexterous robot hand is a highly integrated electrical and mechanical system, involving machinery, electronics, computers, control, and other subject areas. Since the 1980s, the technology on the pneumatic muscle actuator (for short, PMA) has been developing. The PMA as a kind of robot actuators attracts more and more attention from researchers.
After a great deal of research on the PMA, the author and colleague of the laboratory design a humanoid dexterous robot hand, driven by PMAs, transited by tendons. The single-finger is controlled by fuzzy PID, and the whole hand planning and master-slave control is based on the cyber glove. It is achieved initial results.
STRUCTURE System View
The dexterous hand equipment ( Figure 1 ) is constructed from 4 parts. They are dexterous fingers as the controlling object, PMA as the actuator, tendons as the transmission device and proportional pressure valves.
Humanoid dexterous hand is designed into an integrated structural system (hand + arm): the hand and the arm are jointly designed and cannot be conceived as separate subsystems (examples of this approach are the Utah Hand [1] , the Robonaut hand [2] , the Shadow Hand [3] and the ZAR hand [4] ). An integrated system can distribute these actuators in the whole structure, placing them where room is available. Pneumatic muscles which are used to drive fingers are placed in the forearm muscle and the drivers of The shape of the dexterous hand has a high imitation of human nature. It was designed in the size of the scope of the general human hands, and it has the same dimension with real hand (Table 1) .
SINGLE FINGER CONTROL System View
The movement of the dexterous finger in each degree of freedom is actuated by PMAs. Through accommodating the compressed air in pneumatic muscles, we can control the contractile capacity of muscle. Using tendons, the joint movement is towed by muscle contractility.
The control system of dexterous finger, as shown in 
Control result
For the dexterous hand joint actuated by pneumatic muscles, using PID and fuzzy-PID respectively to track the square wave, the contrast experiment result is as 
Cyber-Glove
We need to gather all the real-time information about every joint angle, when any of them is changing. As one of the common equipments in virtual reality system, the cyber-glove is the preferred equipment to gather and output signals (Figure 12 ). In this cyber-glove, there are 15 flexible sensors fixed on each joint (Figure 13 ). to further improve the system response rate, the process of increasing friction compensation algorithm is needed.
The current system of whole hand is still open-loop control system. In the future, to form a position close-loop system, angle sensors are needed; to form a force close-loop system, tactile sensors are needed. And the adoption of distributed signal acquisition and processing can reduce system complexity.
